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INVESTIGATION AT HIGH SUBSONIC SPE=DS OF THE STATIC
LONGITUDINAY. AND TATERAL, STABILITY CHARACTERISTICS
OF TWO CANARD AIRPLANE CONFIGURATIONS

By William C. Sleeman, dJr.
SUMMARY

The present investigation was conducted in the Langley high-speed T-
by 10-foot tunnel to determine the static longitudinal and lateral stebil-
ity characteristics at high subsonic speeds of two canard airplane con-
figurations previously tested et supersonic speeds. The Mach number range
of this investigation extended from 0.60 to 0.94 and a maximum angle-of-
attack range of -2° to 24° was obtained at the lowest test Mach number.
Two wing plan forms of equal area were studied in the present tests; one
was a 60° delta wing and the other was a trapezold wing having an aspect
ratio of 3, taper ratio of 0.143, and en unswept 80-percent-chord line.
The canerd control had a trapezoidal plan form aend 1ts area was approxi-
metely 11.5 percent of the wing area. The model also had a low-aspeci-
retio highly swept vertical teil and twin ventrel fins.

Trke longlitudinal control charecteristics of the models were consist-
ent with past experience at low speed on cenard configurations in that
stalling of the canard surface occurred at moderate and high control
deflections for moderate values of angle of attack. This stalling could
impose appreciable limitatlions on the meximum trim-1ift coefficient
attainable. The control effectiveness and maximum value of trim 1ift was
significantly increased by addition of a body flap having a conical shape
and located slightly behind the canard surface on the bottom of the body.

Addition of the canard surfece at 0° deflection had relatively little
effect on overall directional stability of the delte-wing configuration;
however, deflection of the canard surface from 0° to 10° hed & lsrge favor-
able effect on directional stability at high angles of attack for both the
trapezoid- and delta-wing configurations.
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INTRODUCTION

Present interest in ceanerd airplane configurations arises from
potential performance benefits possible at supersonic speeds in compari-
son to conventional tall-rearward and tallless airplane designs. The
canard arrangement also offers a solution to problems of balance which
are becoming more acute with the design trend towerd more resrwerd engine
placerent and accompanying rearwerd center-of-gravity pvosition, partic-
ularly for multiengine arrangements. The main problex encountered in
the past for canerd configurations was essociated witk stelling of the
canard surface wnhich severely limited the allowable center-of-gravity
travel and the meximum trim 1ift of the airplene. (See ref. 1.) This
proovlem as well as the directional stability difficulities found for some
cenard confilgurations indicated the existence of some formidable sub-
sonic problems, and the potential rewards to be galned at subsonic speeds
by using canard controls dilid not merit solution of these problems. The
aforementioned supersonic perforzmance bernefits offer an effective stimulus
to renewed effort on fincing solutions for tre :mown low-speed problems
and for exploring the general szerodynsxic characteristics of canerd air-
plane conilgurations at supersonic speeds.

An experirental study has been conducted at suversonic speeds of
sonme generalized airplene confilgurations which use canard surfaces for
longitudinal control. Some of the results of this study ere presented
in reference 2 and include longitudinal and lateral stability character-
istics obiained at Mach numbers of Ll.41 and 2.0l for two canard airplane
configurations having a 60° delta wing and an aspect-ratio-3 trapezold
wing. Trke configuratlons of reference 2 were selected on the basis of
evailable informetion as a concept of a good supersonic sirplane configu-
ration heving minimurn changes in aerodynamic cheracteristics from sub-
sonic to supersonic speeds. It would therefore appear deslrable-in
obtaining subsonic Information on en advanced generalized canard model
to use the seme configurations which were tested at supersonic speeds.

The present investigation was conducted in the Langley high-speed
T- by 1l0-foot tunnel with the models of reference 2. Longitudinal and
lateral stability characterlstics with and without the canard surface
deflected were obtained over & Mach number range from 0.60 to 0.94% and
a maximum angle-of-attack range from approximately -2° to 24° at the
lowest test iach number. In addition to tests of the complete model
configurations, assorted breakdown tests were made to determine effects
of addition of cansrd surfaces, the vertical tall, and the ventral fins,.
Some brief tests were made with a body flap aend a canard flasp in attempts
to increase the maximum angle of attack for which the model could be
trimmed in pitch.
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SYMBOLS

Lateral stability resulits of this investigation are referred to the
body axis system which is shown in figure 1 together with an indication
of positive directions of forces, moments, and angular deflections of the
model. The 1ift and drag characteristics presented at zero sideslip are,
respectively, normal and psrallel to the relative wind as shown in the
side view of the model in figure 1. Moment coefficients are given about
the reference center shown in figure 2 (located on the body center line
at body station 25). This position corresponds to a location 17.8 per-
cent mean aserodynamic chord ahead and 7.75 pvercent mean aerodynamic
chord behind the leading edge of the mean serodynamic chord for the
trapezold wing and delta wing, respectively.

cr, 1ift coefficient, =Iifl
as
Co drag cceificient, Dz;g at B =0°
Cp' approximete drag coeffilcient at B # 0O°
Pitchi
Cn pitching-moment coefficient, _1uch1:gamoment
Cy rolling-moment coefficlent, Rolling moment
asSb
Cn yawing-moment coefficient, Yawinisgoment
Cvy lateral-force coefficient, Later:é force
a dynamic pressure, pV2/2
v velocity, ft/sec
) air density, slugs/cu £t
M Mach number
S wing area (including ares inside body), gsq £t
b wing span, ft
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¢ wing mesn aerodynamic chord (based on total area including ares
insiée body), Tt

fo angle of attack of fuselage center line, deg

B angle of sideslip, deg

%e deflection angle of canerd surfsce (positive wita trailing
edge down), deg

Subscripts:

8 denotes vartial derivative of a coefficient with respect to

oC

adi 1 il . al — — ,n_
gideslip; for example, CnB =3

t denoies effect due to addition of verticsl tail

MODZL: DESCRIPTION

The basic model configurations tested ere shown in figure 2 with
sore of the pertinent model dimensions. Detalls of the model geometry
are given in table I and coordinates of the body are given as table II.

Two low-asvect-retio-wing plan forms of current interest were tested
on the same body to study the characteristics of two canard airplane con-
figurstions having a highly swept delta wing and a trapezold wing of low
sweep. The 60° deltae wing haé an asvect ratio of 2.3l and e maximum thick-
ress of 4 percent of the wing chord. The trapezoid wing had an aspect
ratio of 3, taper ratio of O.lhB, and an unswept 80-percent-chord line
(28.82° sweepback of tue quarter-chord line). The maximum thickness of
tre trepezoid wing was 4 percent of the wing chord also. Both of the
wings tested were rnsde of steel and had hexagonal elrfolil sections with
50 semiapex argles normel to the leading edge and normal to the trailing
edge.

The canerd control surface which had hexagonal airfoil sections (see
fig. 3) of the same descripiion as for the wings was remotely controlled
over a deflection range from 0° to 15°.

Two auxiliary devices (see fig. 3) were studied as possible means
for obtaining positive pitching-moment increments to aid the canard sur-
face in providing trimming morents at high angles of attack. The body
nose flap was a conlical segment having a radius equal to the body radius
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at the flap leading edge. The canard flap was a wedge which simulated
a split flap deflected 30°.

The model with the trapezoid wing was modified for part of the
investigation by adding a 5-~inch-long cylindrical extension to the base
of the original body. (See fig. 2.)

TESTS AND CORRECTIONS

Tests

The present investigation was conducted in the Langley high-speed
T- by 10-foot tumnel over = Mach number range from 0.60 to 0.94. The
eversge test Reynolds number based on the mean aerodynemic chord was

approximately 4.5 x 106 for the delta wing and 3.5 x 106 for the trap-
ezoid wing et M = 0.90.

The model was mounted on a six-component internal strain-gage balance
of the sare description as that used in the tests of reference 2 =nd tne
balence was supported by a variable-angle sting. TLongitudinal stability
cheracteristics were investigated at zero sideslip throughout the angle~
of-attacx range with the Mach number and canard deflection held constant.
Leteral stability derivatives of this investigation were obtained from
tests conducted through the angle-of-attack range with the model at fixed
sideslip angles of #4°. The maximum range of angle of attack extended
from approximately -2° to 24° at the lowest test Mach number. Some
limited tests were conducted through a range of sideslip angles from -4°
to 12° with the model angle of attack held constant.

Corrections

Jet-boundary corrections to the angles of attack and drag coeffici-
ents determined from reference 3 were added to the data. Blockage cor-
rections applied to the Mach numbers were determined from reference k4.
Brag coefficients have been corrected for a small tunnel-buoyancy effect
and corrections have also been applied to the drag coefficients sueh that
the base-pressure conditions correspond to free-stream static pressure.

The angles of attack and sideslip of the model have been corrected
for defiection of the balance and sting under load.
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RISULTS

The effect of the canard on the aerodynamric characteristics in piteh
of the delta-wing rodel is presented in figure 4. Effects of canard
deflection on the riodel with the delta and trepezold wings are given in
figures 5 and 6, respectively, and effects of a body nose flap end canard
flap are shown in figure T for the mwodel with the delta wing. The effects
of the ventral fins on longitudinal characteristics for the delte-wing
configuretion are shown in figure 8, and effects of the 5-inch-afterbody
extension for the model with the trepezold wing are shown in figure 9.

Lateral stabllity derivaiives of the model with the delte wing which
show effects of tae canard surface, canard deflectlon, and vertical tail
are presented in figures 10 and 11l. Figure 12 vresents the effects of
both the vertical tail and the ventral fins on thne lateral stability
derivatives of the trepezold-wing configuration. Aerodynamic character-
istics in sideslivp showlng eifects of the canard surface and canard
deflectlon are presenteé in figure 13 for the deltea-wing conifiguration.

The variation with Maclh number of the longitudinal and directional
stabillty at zero 1ift, of minirmm drag coefficient, and of meximum lift-
drag retio 1s presented in figure 14. Longitudinal characteristics for
trim conditions throughout the 1lift range are given in figure 15.
Pitching-morent results are presented in figure 16 and these results
show effects of static margin on the control characteristics of the
nodels. Incremental effects of the canard surface and canard deflection
on lateral stability perametere for the delte-wing model are presented
in figure 17. ZEffects of the ventral fins on overall directionsl stabil-
ity and effects of canard deflection on the tail contribution to direc-
tional stabillity are shown in figure 185,

DISCUSSION

A desirable alrplare arrengement would have ithe center of gravity
located such that the full 1lifting cepebilities of the wing can be
realized in flight with the airplene trimmed at the most forward position
of the center of gravity and be no less than neutrally stable with the
center of gravity in the rearmost position. The canard airplane arrange-
ment therefore should typically have a more forward center-of-gravitiy
position then tallless or talil-rearward airplanes as g result of the
destabilizing contributlon of the canard surface. For exsmple, addition
of the canard surface to thke present delta-wing configuration caused a
destabllizing static msrgin shift of approximately 10 vercent ¢ (fig. %)
through the test Mach nuriber range. The rather forward location of the
reference center of gravity for the present models coinclded with the



NACA RM L57J08 L 7

moment center used in the results for reference 2 and does not neces-

sarily indicate an optimum center-of-gravity location which would depend
on both longitudinel and directional stebility and control. The results
summarized in figure 1% show that the low-1lift static msrgin was quite
large for poth wing plan forms at a Mach number of 0.60 and increased
about 3 percent ¢C as the Mach number increased to 0.94%. The high level
of longitudinal stebility shown in figure 1Lh would be excessive for an
aircralt designed to fly at supersonic as well as subsonic speeds and the
moment reference would have to be shifted rearward for applicatlion of the
present data to such an arrangement.

Longitudinal Stability Charecteristles

Control effectlveness of the basic models.- Effects of canard deflec-
tion on the longltudinal stability characteristics of the model with the
delts and trapezoid wings are presented in figures 5 and 6, respectively,
and trim longitudinal charscteristics obtained from figures 5 and 6 are
summarized in figure 15 for the lowest and highest test Mach numbers.

The results of figure 15 show that the maximum 1ift coefficient fo; which
the model could be trimmed w1th the cansrd surface deflected 15 was a
little greater than 0.30 at M = 0.60 for both wing plen forms and
decreased to approximately 0.20 at M= 0.94.

* Reasons for the low values of maximum trim 1ift coefficients obtained
are spparent from the pitching-moment curves of figures 5 and 6 which show
a relatively high static margin and the occurrence of stalling of the
canard surface at the highest deflection angles. In the absence of body
and wing induced upwash, the canerd angle of attack would be equsl to the
airplene angle of attack plus the deflection angle, and, therefore, at
high initial deflecitions, stalling of the canard surface would be expected
to occur at relatively low airplene angles of attack.

In order to assess the cansrd conbtrol characteristics for more rea-
soneble values of static margin, the data of figures 5 and 6 have been
referred to different moment-center locatlions and those results are given
in figure 16. Thne pitching moments presented in figure 16 are for low-
1ift stetic margins of 5 and lO percent of the mean aerodynamic chord for
e = 0°. These results show that the maximum trim 1ift was extended by
reau01pg the stability; however, there was very little control effective-
ness above a lift coefficient of approximately 0.7 for either the delta-
wing or the trapezoid-wing model The problem of the maximum airplane
trim 1lift being llmlted by Sualllng of the canard was not encountered in
the tests at supersonic sveeds (ref. 2) because of the beneficial effects
of supersonlc Mach number on maximum 1ift characteristics. It appears,
therefore, that for & configurstion having a small transonic aerodynamic-
center shift, the problem of canard control effectiveness will lie pri-
merily in the supsonic region rather than supersonic.
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A comperison of pltching-moment resuits for the delta-wing and
trapezold-wing mocdels presented in figures 5 and 6 shows some differences
which skcoculd be explained. The values of pitching moment at zero 1ift
(figs. 5 ané 6) show that a larger pitching-moment coeZficient was pro-
duced by & given control deflection on She trapezoid-wing model then for
the delta-wing model. When interference is neglected, the canard sur-
face srould be expected to provide the same moment regardless of whicha
wing is behind it, and this moment should trinm the configuration having
the lowest static mergin to the higher trim-lift value. The two wing
plan forms had the same area; however, the mean aerodynamic cherd for the
delta wing was spproximetely 28 percent greater than that for the trap-
ezold wing, and thls difference is reflected in the differences in canard
effectiveness at zero 1lift and in the cenerd comtribution to longitudinal
stability. Not all the differences in control effectiveness and maximunm
trir 1ift can be attributed to differences in the reference length used
in the coefficients; however, most of the differences shown for the two
wing plan forms can be attributed to tais source.

Auxiliary control devices.- Several mesns heve been studied in the
vast for increasing the 1ifting capsbilities of canard surfaces at low
speeCs such as addition of leading-edge slats ard various types of
trailing-edge flsps. (See ref. 1.) Trese devices and recent develop-
ments in the use of boundary-layer control oifer promising means for

terlally increasing tne lifting cavabilities of a canard surface at
low speeds. Another approach to the problem of attaining trim at high
1ift coefficients is that of relieving the canard surface of the bulk
of the morents to be trirmed by use of auxdlisry trirming devices. Some
limited test results were obtained with & body flap (shown in fig. 3)
used as a device ©o provide a positive pitching-moment lncrement. Test
results obtained with this flap for the delte-wing model (fig. 7) at e
Mach nuriber of 0.60 show that an appreciable increment in pitching-
moment coefficient resulted from the addition of the flap. Near zero
1lift, +this increment was approximately equal to the inerement which
would be obtained with the basie cenard surfece deflected 7°. The maxi-
rmur 1ift coefficient et which the model could be trirred with a canard
surTace deflected 10° was increesed from 0.30 to 0.55 by addition of the
body Zlzp. A benefit of the body flap, in eddition to the basic incre-
mnent at zero 1ift, was the increase in control efrectiveness at high
1lift coefficients. The drag increment of the body flap shown in figure 7
suggests that it would be suited only as an z2id in trimming for low-
speed flight.

In addition to the body flap, some results were obtalned with a
300 wedge attached to the cansrd surface as shown in figure 3 which simu-
lated a split flep deflected 30°. Addition of this simulated canard flap
provided sppreciable gains in trim 1ift coefficient (fig. 7) over the
besic arrangement; however, this flap was much less effective than the
becdy flap. Of course ruch more effective canard flap arrsngements are
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possible, such as a single or double slotted flap; however, all these
devices load the canard more heavily rather than provide a trimming moment
that would be independent of the canard.

Effect of ventral fins and extended afterbody.- Effects of the ven-
tral fins on the longitudinal characteristics at the lowest and highest
test Mach number are given in figure 8 and show essentially no effect of
the ventral fins on the longitudinal stability of the delta-wing model.
The lack of zpprecigble effects of the ventral fins on elther longlitudi-
nal or directional stability (fig. 18) probably results from the fact
that the center of area of the ventral fins is located close to the
moment reference.

Tests were made with an extended afterbody on the trapezold-wing
configuration in order to establish the subsonic stabillty level for an
evaluation of effects of afterbody extension on the aerodynamic-center
shift in going from subsonic %o supersonlc speeds. The present tests
showed essentially no effect of the afterbody extension on longitudinal
stability et low and moderate 1ift coefficients. (See fig. 9.)

Lateral Stability Characteristics

Effects of canard surface and cenard deflection on latersl stability
derivatives.- Effects of addition of the canerd surface and canard deflec-
tion on the static lateral stabillity derivatives of the delta-wing model
are presented in figure 10 and increments obtained from figure 10 are
surmerized in figure 17 for a Mach number of 0.60. These results show
very little effect on directional stability of adding the canard surface
at 0° deflection at low and moderaste angles of attack. For angles of
attack grester than 15° at M = 0.60, the directional stebility was
slightly higher with tne canard surface on. Deflection of the canard
surface to 10° had little effect on directional stability up to an angle
of attack of 6°; however, sbove thls angle of attack, significant
increases in directlonal stability occurred when the deflection was
increased from 0° to 10°. (See fig. 17.) Addition of the canard sur-
face caused large negatlve increments in CZB %o occur at moderate and

high angles of ettack with the maximum effect occurring at 15°. The
results of figure 17 indicate furthermore that these effects due to addi-
tion of the canard surface were associated with interaction on the wing
rgther than on the vertical ©ail inasmuch as negative increments in CZB

would not be expected to accompany positive increments of CYB which

came Trom & vertical talil located above the roll reference axis.

The tell-off results presented in flgures 11 and 12 show thet scome
of the beneficial effects of deflecting the canard surface at moderate
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angles of attacxkx can be attributed to a small reduction in the instability
of the wirg-body~-canard configuretion. Iven witk the cansrd surface unde-
flected, a smali reduction in instsbility with increasing angle of attack
occurred with the delta-wing configuration, and the trapezoid-wing model
pecame directionally stable without the tall st hign angles of ettack
(fig. 12). These tall-off chkaracteristics do not follow the trends
encountered on many swept-wing-—body configurations which generally show
supstantial increases in directional instebility at moderstely high engles
of attack: (For example, see refs. 5 and 6.) The tail-off directional
stability characteristics of the presernt models are believed to be eppre-
ciably influenced by two fevorable effects not generally present on con-
ventional arrangements. One of these configuration effects 1s the absence
of an efterbody behind the wing inassmuch as reference 6 shows a favorsble
effect of reroving tke afterbody of e swept-wing-body arrangement. The
other favorable effect is believed to occur at the nose of the model and
is manifested by a "straxe effect" of the canard surface. The strake
effect was found In reference 7 from small horizontal sirakes on a body
nose which gltered the foreboldy flow sufficlently to meke a highly unstable
swept-wing—body arrengement become directlonally stable at high engles.
The swall favorsble effect of cansrd deflection for the tall-off configu-
ration (figs. 11 aznd 12, M= 0.60) sppesrs to be furtrer manifestation
of the strake effect as indicated by the oceurrence of positive increments
in both Cns and Cyg with positive increments in control deflection.

Tne largest favorable eifect of canard deflection was on tne tall
contribution to directional stebility which 1s summerized in figure 18.
Taese results show that geins attributeble to canard deflection were
realized for both wing plen forms and that the gelns were ruch mrore pro-
nounced for the delte-wing model which had a greater tail contribution
at high angles of attack with the canard surfsce deflected 10° then at
zero angle of attack. On the other hand, the tail contribution to direc-
tional stebility wlth the trapezold wing decressed rapidly with angle of
etvack and becere negative at high asngles. Reasons for the dliferences
in variations of tail contributions with angle of attack for the two

wing plan forms have not been established; however, it 1s possible that
reletively minor differences in geometry, such as wing root leading-edge
location on the body or exposed root chord length, had an important
effect on trke flow et the vertical teail.

The experimental directional stability results of the present study
at nigh subsonic speeds are in genersl asgreement with low-speed resulis
obtained in the past in force tests in tne Langley free~flight tunnel.
(For examnle, see ref. 8 which presents results for a canard model having
a 60° delta wing.) The results of reference 8 demonstrate that adding
a canard surface deflected 15° has a favorable effect on the tail-off
conflguration and also increases the vertical-tail contribution to the
directionsl stability at low and moderate sngles of attack.
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Effect of canerd surface and canard deflection on aerodynemic
characteristics in sideslip.-~ Aerodynamic characteristics of the delta-
wing model with and without the canard surface are given in figure 13
for angles of attack of spproximately 0° and 12.5° and for a Mach number
of 0.60. The only significent effects of the canard surface or canard
deflection for an sngle of attack of approximately 0° was & nose-up
pitching moment and an incresse in effective dihedral which sccompanied
a canerd deflection of 10°. t an angle of atteck approximately 12.50,
an gppreciable nonlinear variation of rolling-moment coefficient with
sideslip angle occurred when the canard surface weas off. Thris fact
indicated that a region of negative effective dihedrel existed between
angles of sideslip of #+1°. Addition of the canard ceused the varistion
t0o become linear up to 4° and gave the large negative increment in CIB

also shown in the derivatives of figure 17.

The variation of lift, drag, and pitching-moment coefficients with
sideslip presented in figure 13 shows little change in 1ift and drag;
however, at an angle of attack of approximately 12.5°, the configuration
with the canard surface deflected 10~ showed a moderate variation of
pitching-moment coefiicient with sideslip angle.

SUMMARY OF RESULTS

The results of an lnvestigation at high subsonic speeds of the
static longitudinal and lateral stability characteristics of two canard
airplane configurations are summarized in the following observations:

1. The longitudinal control characteristics Indicated that staliing
of the canard surface at high deflection angles (10° to 15°) occurred at
relatively low model angles of attack which could impose appreciable
limitations on the meximum trim 1ift coefficlent .attainable for a longi-
tudinally stable configuration.

2. Significant improvements in control effectiveness and maximum
value of trim 1lift coefficlent were obtained from addition of a body
flap having a conical shape, located slightly behind the canard on the
bottom of the body.

3. Addition of the canard surfece at O° deflection had little effect
on overall directional stabllity of the delta-wing model, whereas deflec-
tion of the canard surface to 10° had a large favoreble effect on direc-
tional stability at high angles of attack for both the trapezoid- and
deltae~wing configuratlions tested.
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L, There were marked differences in oversll directional stability
of the delta-wing and trepezoid-wing models witn the canard surface
deflected 10°. Directional stability of the delte-wing model was greater
at high angles of attacx than st the lowest angles, whereas the complete
noéel witlr the trapezoid wing beceme directionally unstable at 2 moder-
ately nigh angle in spite of the aforementioned bernefits of canard
ceflection.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 17, 1957.
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TABLE I.- GECMETRIC

Sody:
Maximum dlareter,
Length, in. . . . . .« v ¢ v ¢ o o o &
Base area, sq in. « . .« . 4 4 0 40 . ..
JTineness ratio . ¢ ¢« ¢ ¢ « « 4 0 0 . .

Trapezoid wing:

Spaz, in. . . . . e e s e e s e e
Chord at body-w1ng ;ntersectloh, in. .
Area, s¢ £5 ¢ v v v v v 4 v s e e e e s
Aspect ratio . ¢ 4 i d i f 0 e 4 e .
Teper ratio « & v ¢ ¢ ¢ o o o o o o « o
Thicxness rebic « ¢« ¢« ¢« ¢ ¢« ¢ ¢ o « o &
Mean geometric ckord, in. . . . . « . .

Swesp angle of leading edge, deg . . .
Sweep sngle of trailing edge, deg . . .
Leading-edge half-angle, normal to L.E.,

Trailing-edge helf-sngle, norrzal to T.E.,

Delte wing:
Spaxz, in.d v ¢ v ¢ ¢« v b i s e e e e e
Choré av body-wing intersectlon, in.
Meen geometric chord, In. .
Area, sg ft « « .+ . . . . .
Aspect retio . . . . « . .

Thickness ratic « « o« « v ¢ « « & &«
Leading-edge helf-sngle, norrel t

-
L.=2

o
Trailing~edge half-angle, normsl to T.E.,

Cenard:
Lree (Lotal to body center lire), sg
bree, exposed (eackh canerd), sq in. . .
Spen, expcsed, In. .« ¢« ¢ « 4 ¢ « 1 o«
Mean georetric ciord, in. « . « . . . .

Ratlc of total carard arez to tctal

Vertical tail:
Area, exposed, 8¢ £v . . . . .
Svan, exposed, In. . . . . .« .
Aspect ratio . . . . . o e
Sweep of leeding edge, deg . .
Section . . + + &« ¢ & .« .
Leeding-edge hali-sngle, "ormal

e o o s &
[o]
e
H

Ventrel fins:
Area, each fin, exposed, sq £t . . . .
Span, exposed, In. . . . . . ¢ . . ..

in.

seg
deg

leg
deg

wing eresa

deg

AsneCu retio

Sweep of leading edgu

deg

Sweep of trailing edge, GEE « + ¢ o 4 =

Lealing-edge helf-angle, norrsl
Trailing-edge half-zngle,

normal to T.E.,

to L.E., deg
deg

CHARACTERISTICS OF MODEL

NACA RM L57J08

3.50

10.57

H
\
A\C RV |

W

®
o

)

" e = & 8 s a @
« = e o a & »
l\)

\.ﬁ
=

.« . 25.35%
.« e e 6.752
e 2.25
‘e 3.33
. .. 0.115

0.279
k.25
0.k39
. .. 70
3/16-in. slab

.. 0.13
. .. 2.25
.. 0.271
. . . 60



NACA RM 157308

TABL® IT.- COORDINATES OF BODY

Body station Radius
o] o
297 .076
627 156
.956 233
1.285 307
1.615 -2 #3578
1.945 5
2.275 .509
2.605 573
2.936 627
3.267 682
3.598 732
3.929 .780
I .260 .824
k.592 .865
ll' . 923 . 903
5.255 .9ko
5.587 .968
5.920 .996
6.252 1.020
6.583 1.042 | Conical
18.648 1.75 section
37.000 1.75
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Figure 1l.- Body reference axes showlng positive directions of forces,
moments, and angular deflections.



NACA BM 157J08 S - 17

2G 325
FI98
Hinge Iine
1051 —= [— T 25718
i 4822 J /—4 Plerkody extension
-\ | —-£5
. 17 [
- _ - )
A ! ———ts000 J'
1 1 - -
H 1
- 540 | s.000
-—-Il 3196 ’
I ',
\2 145
——3074 19 156

7 T L. ——
& =2049 z | 37|51 I—- &=13027

yivi \ 2,
-+ - - 2 564
g 40— 19541
33520
4

]
2145
i 66%

25000

! .
14123 3500 i
- - A
:[_ |

)
| 12003 'i?‘/<
fe—— 16622

| 450
T J 7000 Yantrel frn

Figure 2.~ Generel arrangement of the basic model configuration showing
the delta-wing and trapezoid-wing plan forms tested. (All dimen-
sions are in inches.)



-

—2145 —

—590

~— Conard flop
- -1800 ——/—i Fozo o -
P

2250 1995

/ \ | Body surface
.

7 \
i— 2340  ~——2000- -
-~ £
-2 I T

— & Body

.'r_-_-_:-— = “ — | ——
o View from tip . 3"9.

/
\’/
et

~

.

Canard flap

™
v

\ a"dld spreader rod

Center mounting bracket

Body flap

Figure 3.- Details of the body nose [lap and simulated canard split flap tested on the model
with the delta wing.

8T

QOLLET W VOVN



i1l 1 retl oo :
canard [

Yo on, a0l

O off T 20

ry

25

A5

Drag coefficient,Cp

Angle of attack, e, deg

-5 [HERR I A LR T TR R TR
seescMdanazensneh] it A T HHT '_ i H i U B H He A R TR e |
HH T | R B T e L R F e TR L T R
ke il it H H )- HHH ax b H H H)‘ H H1 1T

-4 2 0 2 4 6 8 }.0 2 -4 2 0 2 4 6 8 o 2
Lift coefficient ,C; Lift coefficient ,C,

Figure 4.~ Effect of the canard surface on the longitudinal characteristics of the delta-wing
configuration.

GOLLCT WY VOVN



20 G

NACA RM L57J08

-05 JP:_; z
-10

e zt

= h &
- i LT & i g
] fis Q
3 p o= P o =
IH -
I iz u
i -
. 3 -
el A ? S
b . )
R 3 3
e rE iy i HQ w
S : = S
A / Ny
A ~
= = He @
¥ <

F O

manE = 5

k. T X 1

P P R
5
N 8 9

Figure h.- Concluded.

P T o
FIETE
AF
= . 3
e
e
T HH
£ Bis T o
=
AT = o 2
i N
e IS
! L S
3
¥
:
= <
= §
s H -
<
T~
: o 3
T S = N
[ 3 et 8 = rpE !
L ] T : e :
i TL £t SRR ! ]
H T e s s f He e ; Frb

eyt 1yt 4302 juawout - Butyaf!d

-20
~25 {5
-30°

T4



25

20

/15

/10

Angle of atfack, « ,deg

05

HETTEE
Hesehizitt 1!
gy Mt
=2 T EEFE -
EEE ’- T TE :
i u Tt HHH
0y

25 =2

20 :.

.

Drag coefficient,Cp

15 {HHE

10

! L apeghitis H
HiM =060 HiH

-4

=2

o 2 4 6
Lift coefficient ,C,

8

n 12

=)
1+
T

T
—
Kpmmas

A )

—i—— BT 3 i::

1

e
—

e el
B
=

g o e

T

~Hir=t
ST T

1

=

"

f
T
1
-
)
x|

= e L =
~r =
N m— -

—

SREErEEES

i A

M =0 60 L] T

o1 I i i
-T“ . i rH

-4

<2

o -.2 4 i)

Lift coefficient,C;

8

0

2

Figure 5.~ Effect of canard deflection on the longitudinal characteristics of the delta-wing

configuration.

QOrLET W VOVN



22 SEE NACA RM L57J08

e T = o3 TR :.P.‘Ov
T e A 2] L
SiEisiguaisiei] i EiE i =] P Het
ey T o ..w T T - foH O (o
gisis R H i 1 fhHE O
._. 1 - Y 13 1
Hr = T i iy i ]
e = HH
: : AR
FEEE TS : e £ Y N
= o 1 +H ax
ol ! " = L il 1-|I|‘ - —
HA 1
i : l.r. T i bEtee el L n.m.mﬂ =
== i R T R ik Brh } : S
1 5 G o it = 3= = 1 RHElE
SHEEHT = LAY A e PiK, s poes e TR A TR
e R i SRR A R A TR
| At e e ARl Y i e
A ) S H St g st et T 0y
: et e R e [F Rt e e
4E T ey e SR
o 1 LA o e v, Y 1 : .y
i _ g R | e i i = S
=i L | > K B Wk -
s = ] SRS EEH Qi '
= T R e |y Q15 = SHEEH ©
HEE : b e T ST ; ! z:
= = e e e S Wb T
5 ; p e R e B b b - Hh —H=H
Q 9 Q e} & Y
< J Q 3 8 X

12

a5 PR T an PR ES b R ER T :.
ENBTEEiE T VT RS i
5 =R SRt i ¥l ! i
¥ 3 m e 1 1
] - =3 & 3 =
E i ()
E— ¥ e e ~
= 53 o =t 1] fin e
=] : I L
2 I H I 7
; )
1 =iy =i ]
HrH f; § Tl = ] O
-—]} . Py == H—E= = 1) ——
= - m.rl ¥ L3 po = w I i
ks : A A LS
= IR T ¥ ey
H o - e w =+ o =
H o ¥ : ©
H = —HAF 7 ]
i 7 =
: E =
aneram =t T T
¥ = r 7' n.+ il LT
57 e ;
L : i
- - ) I s ot T
HH I P T i =: *
- r i ] i e 4 '
E i X f I
oo | - 1 2 Vi Ls 1 Ak xr L
= = 1) o=
¢ &
i T 5 CtE =:7
T A Ii T “HH H 3 e TH
: L]/ r }
5 ol AL -
= = ¢ T X : O
b ; 3 : L £
] 11 sy yHE T
= : T 7= O
H ¥ THy T
== L
=t T 1 o L T
3 =i P R
- = - 1
=i = I S o = = N
Fr—t, T T T et H 1 } h
=i rH + e = T e
T ¥ t: T : T
e n E s 1 T XN 1. X {3} 1 {3 T d ‘ b B 1
5 ! e R HL fEHLv o
£ 5t : + < F =i FH IS
R L LT = HIE t 5

-10 [
45 1

20 1
-25 i

15

A0
o5
o

W) C U191 }4309 Jusuiout - BUiYIf 1o

Angle of attack, a, deg

G

7

LIift coefficient

Figure 5.~ Continued.



J0

Pitching - moment coefficient,Cp

N AN AR

15 H HE i SRR pRa A RaEaE 45 i
i 10 Beiceid
it il o T Ll o
i o !
0 .05 o
A A

e 3T ‘i:- 3 0 't
M =0.94 o &5 M=094
SEE 5 N
i :\F H ¥ 3k HA3 '&" A [
{1 : ke 9
H i:’ {3
_- B \: ------ 8 i I
; X i o3
i g '
Ecigjl ' fiicts S R B !
/10 § CEFT TR FH P H A g8 J O BRI b H;
Mgy gayyxieyy ' i g o
: g i EiEE
05 Vet < 05 grE HI s
A 7' k N P E Emmm : g K E l*|"=t1-1H _‘h nax
0 EREENES in) HH .;'...' NEEH.H HE A B L R e e 0 [ T N H e
HEM = 0. 90 R s R FL L FleEs M = 0. 90 HELIN T T
=] - =]+, =] s|-I+=| [-Fr T \ o1 H
Nmmnnn EFEIE R el R ] \_:
"-05 =EFe A A R A % :r -] R -_05 nns ..rﬁ 5
H TR s ax N EER® '; /] ] :: u 1'.: :‘::.:' wy s T X H

-10 [ P P b T T e T N AR e P =10 a=eaE=a (iR AN [P

=15

Ay 2 0 2 4 6 8 b 2075 o 5 0 5 20

Lift coefficient,C, Angle of altack, a, deg

Figure 5.~ Concluded.

QOLLET WY VOVN

¢e



30

HH 1 = B ] T T y ugallk LT
£5 £ (it I B Sl
it R 25 Hi RTIT T T
e T T : . i Misihengienitilliihy
20 H L EE Sc deg . B = 8¢ ,deg B
i gHoHIER o o H B HH HH o ¢ gH :
M 1 g 5 i 20 Mgy 0 5 g
/5 ' AN HIREH ) F H
HHIS pTH B H R . ]
10 i ! ; :
H i H a HH
N i i S e S il
h 5 ". ; s |‘ ‘E S
v LI TIHH e e
- HM=0941]H Hip ! Y 4
o i S o
t e i_:! :' 8 i :- l||
© s 1 HiH T
.- 25 Ll H SIRRE: i TH [
) --1| 4;1? k f K g E [
< M= 0,90 i : q in
™ 0 20 THEE v "E H i I
= 1 t 5 : i HHH =
= RHHIEE e 5 nY iEHL ¢
/5 Himanl (HIEIE . it
HHHH T 1] %
EH i (3
M-080 B A Emdi rbH P
0 10} _. 15} il 5 i
aE sz i 5 [ Tl £y AR LS HIH
T = L by Wil e T a g T
5 et : HE 0. T3 T hipad :
iz I : i it A D R
.:M- o.603Hb K H = H H I H T H Bty 5
O Huyy mrrpresiis - b } Fp:* £ i
e T L T HIH il it il
C o 3 e I |
"5 :::-i' —HiH b mnan o ! | :
b1 u = 1 - b | WAREaR s m o H T I
i : T s : : THEEEL T

4 -2 0 2 4 6 8 0 12 0 2 4 6 B8 0 12
Lift coefficient ,C; LIift coefficient ,C,

Figure 6.- Effcct of canard deflection on the longitudinal characteristics of the trapezoid-wing
configuration.

e

gOrLST WM VOVN



Pitching ~ moment coefficient,Cp,

15

JO

05

T
HIET

=t
=27
== T
e Ty
=y

10

ST T T
] B T
- Fhe

0.’5L

1T
1

T
T
T

k
‘-r il i H H
3 108 i dgziec
I 1 if
Eigar H
H 1 h
3] ] T
H HHH
B i
H = 1 H
i HH
H

I .J

301

Y%

=2

0 2 4 6
Lift coefficient ,C;

8

0 2

Figure 6.~ Continued.

Pirfechiing - moment coefficient,Crp

15

L0

HH i HH]

H ; : -}

-; it 1K mpan sﬂldm i r .j.‘,._l:éz
H HH]| © o ERThkkep
K i HEEN = _]: <rJ> 5 T _:.

i e 0 I | BH A
WEEMIY T : a 5 T it

1 P { :‘ I‘ LPJJ-‘ ﬁ'

T x i i

LT
T

ac

Tt =,

] TN i
I [t

i T L it
it T i et
(E : i) )i Fiitiz:
ﬂ in R ERE
T3] jlnanes A
i i
H )] Y il
| iii ;

=
Ht

=zt

-
' ?.
=
1
=
-
s |

x
- 17

T

t

L 5
T
HE

il sk
mand iyl £ K _’ T
; HljiEss et LT

.5

o

5 10 I5 20 25 30
Angle of altack, a, deg

Vi

Q0rLaT Wi VOVN

]



26 AN NACA RM IL5TJ08

o T R S T Q
H ey e e BT et e (et =i
=Hf &t ; i ] °
; — = | ] QG
£ : = e e TS
e —t ¥ i F -
] ¥ : o S 4...T + = 2 55 T x -]
T i 2 S .
- Y R Iww1 o W d H= H - -«
= L x o ke 1T T | — s ") c
E 22 et ;i HE T ) = ¥
i = o e L s 5 Cr >t I H—= gt [~ T S
; e T T S T o 2
2 pL T P ok T i S
= z = P S
H = -~ =g ) 1 + Q e
FERE + 15 SIS = : 5
s = H 4 :
— il =< [+ — = e <[
=] ) L £ H¥H H oy i H ] <
=0 E HE T O5 q ©
= == i RS S _ e
B 3 0 5 T T 3 i F et
trim by = e R T PR e FRemmaty:

10
05

0
-05
ok
15
20
-25
30"

ot yuorot 10900 jusuiow - Buyolt o

0

Figure 6.~ Concluded.

=T = ST PR T T O =
et o HR et S i e e
HHIERIET £ i et = H
i : o %
= o
= i Q
i } F e
= T g
: <
] 3
: & .m
e | “
i i 8
Y 1o 8
= N
T ~
: = Q ™
fi s i oy
i =i _
: e Tt T
= e e = e
= P P et 5_ i 2y
1]
§ % % 8§ § N
[ * )

15

@nf Juata1 j 4800 Juswiout - Bulyofld




Angle of aftack, a , deg

25

20

/15

10

. . t
M =060 M=060 i
il A ! 30 HH i
Configuration | 3 Configuration L ITHH
H O Basic I H | o Basic
el o Flap on 1 25 B AL 1 Frap on
R o 20 ;
-H )
W[ Eftect of canard flap 45 a
Ailainman ol b i
[ i % 1 F
gl K 10
il illg
: adliti i S ps5
HH EH = H
i < ]
iy i it s i
8% 10° H s g ]
s il -ﬁ‘ﬂ- (% i s 0 3| i
il it S :
I 41 1|- H T g
- HiETH A
25 ¥ EEffect of body nose flap N 25
f T t
ool i ? i
20 L G Hat il \ o2
tf IS 1 [ Ik . [HE T
A TR : B | st sty o
/5 ’ : 45 e ik i
o= f0° 13 B 3
e i 1"ﬂ]"'
/0 [HEIH 'Ig' 1 0 ,0 "!ﬂ 'TL' T H
i H B T | B B E frect of bodysH{IMIH Y
1 it ittt nose ﬂapi S EIET H
5 l o .::r' L :
! oI ; ;
BH & zpe 1|5

ot

EE i rpreeavuEE e |

FF R T

QOrLST WY VOVN

4 2 0 2 4 6 8 0 2 -4 2 0 2 4 6 8 o I
Lift coefficient,C, Lift coefficient,C;

Figure 7.~ Effect of body nose flap and canard flap on the longitudinal characteristics of
delta-wing configuration. M = 0.60.

le



28 S NACA RM

TR 2] s ST SN o S Tt [ T T F FrEERE m
BT i T R - H z | i R
- H h? i SFRdr Ra - o HA HH
x = H-H - -I T T :
i tH () =i i T |4 mﬁ g =
—oTT T o a b ST F
—H | It E e i .A.ﬁ.. - m
e, —H E S5+ SNt
¥ oo T - ] THH!
- P i AT : A I
EE T R e iz > Hh
£ | HH e N7 ! TPt
T it e A s S Q
b =y ST s / : ]
w.qt 2 WL T i r = m . s £ H Ly S
T I HE S § 8 S
N T hi SEs
b3 H -2 7 m QT T §
x A = ¥ o1 F HHE
] ! oo it 35
= i ] HEH I -
T . = L
& T e HED
e i . e = HE
EELE SERESEES e E T
< D M 2 -
= S— 1T T T - B 5
£ B Oy o : it e A T
e heH T HebE HE T I s Ty LA

/15
A0
05
0

. :.:! .
T N T e e R R HHH=
P .5 THH 1 - fiet 3 S +H
] L ~H] i ¥, < et T+ o
= -H | G ALY : EE )
FErEE e, 1 F: & : _ S
H e R S Tt = T 1] < ..F ik
¥ ] S f i1 ) —4 a B m s x e va
f Eiir=a iy Th ] A _ N S s
u ol F —
FH i e | THER R g i 8 = 3 Q
; 1 S T AT o w o i
it - —H e S sy ={o i
tr g 2 - B3 L
S e o 7 s R 8 / ¥
= H P _..f.. s e b (s & HES v o
] T SR e R T L S Bl b 5 :
==k = T 5| = P LA R S 3 ?
: T~ Fe= e t =
E e . T = ik .-
= = H § = B T ©
= T . - —1/ 1 = —tH
£ HEd 8 g AL H B
E5 &S i 4 Hh
S 5 S [ i T HH
S8R : T
§ Bk: e By t H
S o T e E H £
< O p= i) I~.\ Pqres T
r [»* - y
=iird P = LY
T H L} s B
H 230 FoET T
] L = !
T ...n y g H L. T
T ; s :
= } 3 - T Q
i + . b gLl = — T T
T x 3 o S o} —
=== = Qs T
= |..m_.|. nf N
: d oHE b I
e e T
: = e b ; T
P P e e B ot
S eI T HEEE T EH o

U U319 14800 fUsutow - Bty | of

157J08

Angle of attack, e, deg

Liff coefficient ,C,

(Flagged symbols indicate &, = 10°,)

Figure T.~ Concluded.



Angle of attack, a,deg

30

2 HTF T

> oL O

On,&=0°

orf, se=0° i
on, 8.=10° 55
ort, 5= 10+ T

Ventral fins

H

H H R FH
& 5 -
4 H L ik
3
M

20

Off, 8,20°

>o 00

niral fins
on, 8,=0° 1

on, 5, =10° HHIF A T

Off, 8= 10° [[TITRT R H

15

05

25 i

i i H
1 i
ol HHH
iidiliziw) g it H i i
1 S 117 (0 H{H 3 :
1 MI=0.94 :-r K T F
T A B HH ! il
1 v

Drag coeftfrcient,Cp

5 & &

20

Sl
sh i —
Ay

Rt

10 Bt

oy
NET
N

i

b

H 1

it (1]
1t

s

{iHat £

B ik

T

25

Figurc 8.~ Effect of the ventral fins on the longitudinal characteristics of the delta-wing

0 2 4 6
Lift coefficient,C,

8 0

2

configuration.

Lift coefficient,C;

2 4 6

8

e

1 f
I
l|
I T
M =060 _': 'i- ';
s
g £ ; i
T HEH ET TR 3]
A :.:.'i' k T !
it i
-2 o

2

QOLLCT WM VOVN



30 e

NACA RM IL57J08

5 T
= ; e — I
: ¥ L SHE S 1 1
£ = 3 N
5y ] D
i i S
SR O
| M- THE HH N ~
| P H s
i AT cEE SEheEe ~
T + =~
e 0 6
1 =~
- AL } : &
L B 5
= =
T3 Fe] " ‘e
r = (Y
. S B <3
= o @
R <
i o
©
L 1

415 [

=20
~25 BHh

Figure 8.- Concluded.

=t SR T e e e LR L T s R T g HHH
e, o H St e :
| T T T T
= O I - i 2
= 3 s i = ToH— i EF ~
= —H s g 3 He
L = M 2 i
= - . e - T T T rib=H H
18 o & L= I = i s
S SR % 2 T S
¥ a1
.M nlm..nm.q“salu. ¥ .... ¥
B OHE = swt s Z
T M LR = —~ Eeiasd
Iy SS oo Ik = =T Q
N Bz ST A H T
co ¢ a Hi i “
T i T HES © k%)
T v .
e : 3 H " o
s—HEE L 3 4= <
= 7 7 e e K3
“ . . c
=1 - i 7 Tk “Hi E5 H|.4 w
fgtt 1 £ = ,rl.
- . 8 —1 . - =)
H E - r=F vy
et H 3! ah
iyl TR A N
s H il 32 <
£ A = : I U...l_r 3
T s N e 1o ™
_ BT |~ A S S HE
i ¥ & HH EE o T3H: = - 1]
~H3 S G P QI : B
12 9 = . S RN T = %P.n
: e e e i it n R
= b T it rH 2L TTET THE “HE 168

Yoyt jygrar 14900 Juswoul - BUryatid

S -




Angle of attack, o ,deg

Ul i Hzf ot H A I
sl sl | 25 i i ik |
i T T H ]L fie 1k Atterbody ] ! FE H i Afrersody H
P e e AR o Besic BN SR 0 gasic i
i Hetlh .;E - [ Extended et 20 H b 1 Il O Extendes
niH AR :

10 1 '
HES T Q H H HEERE
£ H] Q : : ral Y o
! R w 05§ T T 4 HH H
. —HiH 1 H P TN 2
oo OO i i
PREEEY i FEE hf & 3 'E ) HHM =094 § A |-_; i L) fnanla
ki: : T eI i 3 eIt ARl It
25 it [ i 1 v 2 . i
i o FTETHF

T
HH ©
= ©
Ih

o 20 E ]

=

g ENE

§
Q
3
1

10 e ke 0 0 i

=1+
rEERE:

-5 [

=L O
1

-4 2 0 2 4 6 B8 o 2 -4 2 0 2 4 6 8 0 @2
Lift coefficient ,C, Lift coefficient,C,

Figure 9.~ Elffect of 5-inch extension of the fuselage afterbody on the longitudinal
characteristics of the trapezoid-wing configuration. o, = 0°.

QOrLAT W VOVN

¢



32

e T e T, TeH
s e S e L D R e e P
E—F ® HfE T4 ot T - -

e Y $ L - £ i
H=Hbs 8 & Hf — h H—HT
=HENERE r : : :

s gnd I if =
..1|T!|” @ FH _.| H : Tl “.. T
Hr < - : : -+
i 5 E t r; i = 3
= o1 I : i
F= F o = T
T FFE T FHEE I = : P
iy i = T T o
= = : £ i T =
! = i S > 2o :
: £ i - 5 :
T ¥ : A :
¥ T o - ¥ | X m = T O T
==hE B S B
¥ }
T o i 1 §
: s T HH— :
+ ; = 3 ST —r
3 = HEr s = T :
: : FEE Lt
— —

X Lo THE— i BT g e R T T ey
= it t - I
= - H B B - F Q1] T -

z H & BEEHECH Q Q AHE i
= = < = i S B = S o H ]

= I b N = Ty 0 HHT "= B A = 3 L
o Z O S TR S TR Y F Tp i T

/10

05

[ (W]

o
05 |,
=10
<15 i
=20
-25
~30

S AT
3 REG: = b
H ; :
i Y
; E ; :
T ¥ 7 n =
b > &°F - e T
b S s § - D SR e
-l 2 — w H M H i Hllll_ — [ =
HHEHS S % E ]
HHT aw PO T 3 1
! g ol o o ey mama ! r
BE=HE H T = }
B oc % St 10K —t
T THET E A :
r=3 F-rH -,
T t i ¥ S } L
A : 4 Hh— i ] T o
o : : ;
- T : i SHE e ; S
_ i _ i R R
St § it i e L T L
= i 5 ]
= =k i Hf [ Y : £
T it LR = L R T e
= ; o 3 =iy = &
t [ < { 0
=t = t - i
v n e fu gt T A x 3 1.
A R A e g [ T T T s !
b -H e -l Ih: -l :
¥ wna L - -
O 1N [T ] Qi T T
= Tt O i ) Q= } : 1
¥ o O B S E: QI =
- H —Lt = = w e
f A = HH—E § i o SO H FrHE
|- -F A 1 T e 5 1 . jawaa a b Lol T e I
-t i» s XM o el £ s X oy X s 1 : T 1 15 Tl iw X E L X T 3

o5 [k

W 1yt 1309 Jusutowt - butyat 1o

5 2 25 X

0

5

o

-5

2

10

o
-05
~-10
<15
=20 F3
~25
%

=&

Angle of attack, a, deg

Lift coefficient G

NACA RM L57J08

Figure 9.- Concluded.



M =060

T
ham | =
T |
& T
== T
= T
i
: HT
nad T
BEa T
i =
Y
i T
vy
TlaninT
1
i
H
ke
T
—r——iT
B
Earyr=

T T
e £ B o ek B
o I
T
T

T

it bt 1
qTEIH 3 L
AR TR I iﬂ” H
HT fi ir i L H
-m’ff i £4 ki H

I o ofr [l 1L
ool 4 s R
3 i T
0 ):FE i ; H I 5 0 _MJ i -
N e T
3 _‘\- 1l-
.00! Hi i N ‘F.;": d i b
(hiltigie i it IR
c’ﬂ f ‘;ﬁ N HERH I FH
-002 : sl HIEA
i k! HHH H
-003 _"’:_. :E

4.

Figure 10.~ Effect of the canard surface and canard dellection on the lateral stablility

5 o 15 2 a2
Angle of alltack,a, deg

or j 'Lﬁ "F@

i i AT

o Jg: s T ;

-or bl |

TR

-02 IR
I K e it li;‘ EH

el

p"J:

T T
= T

T T
— T

L TR

-003 [

-004 |1

HHH

-5

o 5 o 15 2
Angle of attack, e, deg

derivatives of the delta-wing configuration.

gorLeI W VOVN

114



3k

IH

i

T ”"'1'1"

Nl E

el iR

H

(]

5
Angle of altack, a, deg

5

NACA RM L57J08

or IR
=: B -':FE'
¢, o MR JiEESiEe il
Yo R i R e
or iR R
= -+ -t
= G :
-02 Fx :
L =Y ] n b
= s AT
MECEHH F 3 1} it =
002 D Ho
i L "'-_1:"=:- HiH
oof T H I i
T 1 s
o H .”,_..__,.:: l.l.: Hi :5
1 B
: e S T
-o01 i i i TR
2] RE i
G T ;
o H
<
4 T
tHE ;
Y L]
T e
Leis FEEHH
it B
At s I L
e n
i ; 3
i ]
e el e i

-5

5

0

15

o

Angle of attack, a, deg

Figure 10.- Concluded.



M=0.80

=l

e
!
Tt
i
e BT

n TT T
T H - HHE
1 T a

Cy ) I
# -0/’: ai il HE -0y BRI 4] .g..‘gr - |
02 [ MHu; il _op i '

IRk e B al 1
OF il % il © | Al
R HETES ZosEly T . T
00/ H Ly 13 00! 2 ;- H
i Tk i Bif

’ i il i i Chg , i s i
_r'" -2 |l: '! ’I' HHH] MBn:s 1 ST e

C” HH II?{L&:FF!: l I pae=td i __:!1‘_ 1£ l l: J

1

ny R £

e Al e i it i
sttt HrisiE s st celitfiis 'HJF;'

S I kecs: Vertucal tait fi{EAH ) R B et Verticat Iall%- i
| o on, s =0 ] ) Fps Hi T o on,see0r

H fr O off, 80" i ] o Off, 5.0

ool A on, gessor i A on, bt F

0O Off, 5,=10° H] 0 Off, 8e=i0* Y
{HHH i

=l

T
3

b g
Q
9

e

N

=7

e
T
=

e o HAl

it 'ﬁ:H N
| i e g el r
N ek & :H =00/ i i i :
% S i : G, [l q
N 002 N
it Wi s i TR i

-004 BN

itk i P ] T

H

5 0 5 0 5 20 25 X0 5 0 5 0 I5 20
Angle of attack,a,deg Angle of attack, a, deg

Figure 1ll.-~ Effect of the vertical tail on the lateral stebility derivatives of the delta-~wing
configuration with the ventral fins removed.

gOLLSET WM VOVN



36

-00/

G b

Mt
;/erfmm" ;dh’
on, 8:=0°
OFF, 8¢20°
an , 8, =i0°

00/ it

-5 o 5 0
Angle of attack, e, deg

o0t {3

Figure 11.- Concluded.

NACA RM L57J08

; L
- - 13
.-i‘_
E=He iy
H H A 53
=H++.¢ 5 i II' gt
NOHOHLRT T
1 B ;
ux) T = B tl b
Leb o FET Y d
[H 1Y
by i
[T,
RaREin
z 82! Lo
H Vertwal tart :Eg. -ﬁ
© on, %00 Y
o off,s=0° Y
S A On, &/0° [EH
3 orr, =100 BIHE
e, T St
TR ESR T
;: i It s
e e e Ferth
G
R TR =
oy cpp Lot -
e e R
EEHH H
i S i e
iz K] {0 Lt e

-5

o 5 o 15 20
Angle of attack, a, deg



M=060

e

=3

=

e W THA TR [EATLR
H i li madn
Hit 'ﬁ“iﬁ'-ﬁr AT

<1
1]

skt
= 4

=0/ H|BHE
At s 2 1 £ l. (it
. |1 ! 1), Vertrcal toll and
.02 & H W ventral fins
=1H O On, &=0"
it & Off, 8,500
ooz : a  on, s:ﬂo-
i ) A Off, & =10
oo1 L il i JF
il S
0 .‘. :T‘ H |1 T- angd o
c ol [HE H
n i 7
# HH i I
-00/ H r al
H Jiie 1‘
002 [ i
003 H:“ -| i) e
K \:-_‘- R ; ﬂ g;:‘ﬂ HY
al Frh HFHLTREEEEEENN | | e
002 H 3 HH H el
H HH R jid
lifisii FHHHH 0 HITTENRER A [ HLEH
oor [l 3 SHICHIE
ly il { | hifitiis:
0 BH sy [Tk Hip !
sxilli o HETHIE i ik
oor qu. ! % T ; Jillit
’ L i il
-002 T
: il

-&

Figure 12.- Effect of both the vertical tail and ventral fins on the lateral stability
derivatives of the trapezold-wing configuration.

o

5

0

5

20 25 30

Angle of alttack, a,deg

oot sy

Cr

9

-00/

00z

003

iE

<
n

B i
tH T i
0RO 1
o TR !
i i EF": i .J:
2 BT A M [
i R ; t
T TRE [ HH RazEE
8 : 1 i
i FH
HH K i
i
sttt i
Bt I ¥ ] 5
Hatuit sl i
B TR EIRE i
i il (HE HE
it gl
T
BB E A ] 0
st
H
b
Verticol tail and 1
ventral fins h

on, & s0*
OFf, 8.=0°
on, 8:=10* ]

H T =

o0z L & ort,a-00 T
N iatasy 4]} H
HH T e EE B
oor | i
- I ¥
G, o (kb [
‘ TiE CEEET [
b N HHH 4 I
-00/ gl i
i e 1
-002 [ : ;
( {13

-5

o

5

0 /5

Angle of attack, a, deg

20

QOrLCT WH VOVN

Le



38

M=0.90

af fins

on, 5,=0°

orf, 8,20

On, & =10°

OFF, 8, =10"

Verticot taif and

F

H

o 15

20

Angle of aftack, a, deg

NACA RM L57J08

M=094

I 1 =
t
! i
15 bF X
133
¥ - F
= i

Bl

iR

Vertical toif and
traf tins

o  oOn,8:0
& OFF, S0
O on,8<l0"
& Off & =l0°

oot

Epo

e

3

3

S
TS
T

I

=32
fir

it

HETER
:

T f- T Tie

th

T
]

[F+

Figure 12.- Concluded.

5 o 5
Angle of attack, a, deg

20



/ ! GiH] T 05 N T =
it il I?'J iiiiiiti H “. £l T T i)
it i G i T e g i
Al 52§ K "
. oS ha . 0 ; 3F e
s ot i 1 m H HiR. 1 ¥ 5
’ Pizill; i 05 F ;
- :T"‘f- 3 5 ol H - d 1: '.'(r H b
-2his =10
q H
-3 i -I5 i
7 -' T
0’ AN iy Tp I =
i : i i
0’. d }' i I 5 S ,deg |
Al | AT ! W o o 4
-'-d“" uls i 1 ] 1l i ' o 10 = : K
Cr O Fremede e pilik 0 o off 7 {IRE i
1] [ 1 T ’ H 3 H ol an
FHHSH g e | I ») i il i
i s S e @ i ey
=02 ii -".!' g 100 ! i H o t% I T 'ni:ﬂ: T =
in o ofr MH : (1T AL ~Enan]. 4,0, B
; ; 3 i 3 Aty
o . i i il it
l i i i ‘ i
N a H 4 1 !
G o= T TN 6 + i H e B =
‘ it h i " i TR, s 1] -.-3 + t i
il i : T ; A
-0/ f 4
T i 1 c H B
. . L f 1 T H
02 = 2 |
i s o i
03 | ittt : i i F 0 i TRETTILREE i e
3 ! i ‘ . e e
i f i i i T il (R i -
il S e S i R

-4 -2 0 2 4 €6 & 0 2 M 4 -2 0 2 4 6 &8 W0 12 M
Angle of sideslip, £, deg Angle of sidesiip, 8, deg

(a) o= 0°.
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characteristics in sideslip of the delta-wing configuration. M = 0.60.
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